The effect of Met-->Leu mutations on calmodulin's ability to activate cyclic nucleotide phosphodiesterase.
Calmodulin (CaM) has two hydrophobic surface patches that are particularly rich in Met residues, and these are the major contact areas where CaM interacts with its target enzymes. The amino acid Leu has been introduced by site-directed mutagenesis to replace all the Met residues in CaM. All nine individual Met-->Leu mutants of CaM as well as some double and quadruple mutants were expressed in Escherichia coli. All mutants could be purified by calcium-dependent hydrophobic affinity chromatography, indicating that they still expose their hydrophobic surfaces upon binding calcium. Each single Met-->Leu mutation in the C-terminal domain of the protein had little effect on its ability to activate phosphodiesterase (PDE), while a quadruple mutant with four C-terminal Leu residues instead of Met has a significantly lower affinity for PDE. The M36L mutant is a poor activator compared with the other three N-terminal single Met-->Leu mutants, which have a slightly lower affinity for PDE than wild-type CaM. The introduction of a positively charged Arg for Met-145 resulted in an almost complete loss of CaM's ability to activate PDE. Nuclear magnetic resonance spectroscopy was used to show that most CaM mutants retain their overall three-dimensional structure. Thus, the altered activation properties appear to arise from differences in the flexibility and polarizability of the Met and Leu sidechains, rather than from structural perturbations.